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Beenenue. IlocranoBka 3axaun. Moaeaun KJ{

B Hactosiiee Bpems NpH BBIOJHEHWU ACTEPMUHUCTHUYECKUX aHAIM30B Oe3omacHoctu PY
IPUMEHSAIOTCS B OCHOBHOM DAcueTHBIE IPOrpaMMbl, IOCTPOCHHBIE HA OJZHOMEPHOM II0
IPOCTPAHCTBEHHOW KOOpAMHATE MPUOIMKEHHOM OIMMCAHUU THAPOAMHAMHKH (Tak Ha3. 1D-kombr).
PV mnpencraBineHa kak cucreMa CBSI3aHHBIX OOBEMOB, KaKIbli M3 KOTOPBIX MMEET BBIJICIEHHOE
HarpaBjeHue oT "Bxoaa" K "BbIXoay'", U B 3alIUCU UCXOAHBIX YPABHEHUN T'MIPOJUHAMUKHU B SIBHOM
BHJIC TPHUCYTCTBYET JIMIIL OJIHA MPOCKIUS CKOPOCTH Kaxkaoi w3 ¢a3 (KUAKOCTh, IMap) Ha
BBIJIEJICHHOE HallpaBlIeHHE. Takoi IOAXO0J IOJHOCTBIO aJ€KBAaTE€H T'MAPOJMHAMUKE TEYEHHM B
TpyOax WM KaHajax, e IolepeyHas IpOCTPaHCTBEHHAs! CTPYKTYypa I0JIsi CKOPOCTEH JOCTATOUHO
IpOCTa M  CPAaBHUTENBHO JIETKO  YYMTHIBa€Ma  JIOMOJHSIOLUMH  MOJIYIMIMPUUYECKUMU
COOTHOUIEHUSIMH, WU KoppeisuusamMu. ONHCaHHOE BBINIE MOJIEIBHOE OTPaHUYEHHUE HE SIBISAETCA
NPUHIUIHATBHBIM TAKXKe JJIS MaJIOTIOABM)KHON (MOKOAIIEHCs) )KUIKOCTH B TPABUTAIMOHHOM I10J1€
B cllyyae yCTOMUYMBOH cTpaThdukanuy, Korma TeMmieparypa cpeibl B 00beMe JMOO MOCTOSIHHA,
1100 Bo3pacTaeT (a IUVIOTHOCTH - YObIBaeT) C BBICOTOH, a MEPEHOC YHEPrUU B MOCIETHEM Clydae
omnpezensercs Ko3PpGUIUEHTOM TEIUIONPOBOAHOCTH CPebl U TPaUEHTOM TEMIIEPaTyphI.

B TO e Bpems CylIeCTBYIOT IO MEHBIIEH MeEpe [B€ CHUTyallud, KOTJa BbIIIECyKa3aHHbIC
MoJieJIbHbIE MPEICTABICHUS B X M3HAYaJIbHOM BHJIe (PU3WYECKH HEKOPPEKTHBI. Bo-mepBbIX, 3TO
CUTyallUsi C CHJIBHBIM TYpOYJIEHTHBIM MepeMelInBaHueM ABYyX(}a3HOH cpenbl MpH OTHOCHTEIHHO
MaJbIX OCPEIHEHHBIX "MPOJOJBHBIX" CKOPOCTSIX, YTO MMEET MECTO, B 4YacTHOCTH, B
TOPU30HTAJIBHBIX NTapOreHepaTopax, NpuMeHsemMblx B coctaBe PY tuma BBOP. JlanHblil Bompoc
HEOJIHOKpPAaTHO O0CY)XJajicsi B JIUTEpaType M K HACTOSALIEMY BpPEMEHH OTHOCUTEIBHO XOPOIIO
UCCIIEIOBAH, XOTs HENb34 €I11€ YTBEP>K1aTh, UTO HAIIW 3HAHUSA 3[ECH SIBIISIFOTCS MCUEPIIBIBAIOLIUMH.

Btopoii kmacc mpoueccoB HM3y4eH B TrOpa3/lo0 MEHBIIEH CTENEHU, IOCKOJBbKY HE CTOJb
xapakrepeH s PY, paOotaromieii Ha MomrHOCTH. Peub uaeT O MOBEACHUH MaKpOCKOIMUYECKU
HEenoJIBWKHOU (B cmbicie 1D-npubnikenns), HeAOrpeTon 10 KUIEHUS KUJIKOCTH B BEPTHUKAIBHOM
IIUPOKOM cocyze (TpyOe), Temmeparypa B KOTOPOW C BBICOTOW yMmMeHblnaercs. [Ipumepom Takoi
cucTtemsl siBisieTcst komnencarop nasieHus BBOP (uaum PWR). Tunuunas xoncrpykuust KJI scHa
U3 puc.l, mpu 3TOM XapakTepHOe 3HaueHue paauyca R cocyna cocrasiser 1,0-1,5m, a Boicora H -
HecKkosbko Oosee 10M. B pexxume "xonogHoro" octaHoBa AaBiieHue nepBoro kourypa ~ 1.8 Mlla,
HeoOxoauMoe 11 6eckaButanonHoi padotsl I'TIH, co3maercst npu nmomomu "a30THOM moaymku”
B KJI, a TemmepaTypa TEIUIOHOCHTENsS MEPBOrO KOHTypa Haxomutcss B mpememax ot +20°C
(293.15K) mo +95°C (268.15K). Wneivu croBamu, KJI 3am0oIHEH TEIUIOHOCHTEIEM C HEJIOTPEBOM
0 KHUIICHMSI HE MEHEE 4YeM 120°C. Kak HU3BECTHO, OJHHM U3 IOTCHLMAIbHO OIIACHBIX IJIs
LIEJIOCTHOCTU NIEPBOr0 KOHTYpA SBJIAETCSA PEXUM '"XOJIOJHOW MEpPEONPECCOBKU", T.€. MPEBBIIICHNE
IpeJIebHO JOIMYCTUMOIO 110 YCIOBUSIM XPYIKON MPOYHOCTHU AaBieHus. Cpeau UCXOAHBIX COOBITUI
TAKOro0 pexuMa MOXeT ObITh JokHOoe BkitoueHue TOHoB. Ilockonbky TOHBI pacnonokeHsl B
HuxHel yactu K/, uaBepcus TeMiieparypbl BOSHUKAET OYEHb ObICTPO.

WuBepcust TemmepaTypbl BO3MOXHA M HpHU paboTe Ha MOIIHOCTH HPU TOJOXKUTEIbHBIX
00OBEMHBIX BO3MYILIEHUSX T/H 1-ro KOHTypa, Koraa B HIkHIOO dacTte KJ[ mocrymaer
TEIUIOHOCUTENb C HelorpeBoM J1o kumeHus ~25K u Gonee. Kpome Toro, kak HeTpyAHO TMOHSTH,
KOHBEKTHBHOE MEepeMEIINBAHNE TEINIOHOCUTEINS B JIIOOOM Cllydae MPUBOJUT K POCTY aOCOJIFOTHOTO
3HA4YEHUsl Pa3HOCTH TeMIlepaTyp Ha TPaHULE CO CTEHKaMH COCyZa, MHTEHCU(DULUPYS TeM caMbIM
nporiecc TerIoo0MeHa, 9To Ipu padoTe Ha MOITHOCTH YBEITHMUMBACT dPPEKTUBHYIO TEIUIOEMKOCTh
K/ u Tem cambiM cHukaeT 3gpdexTuBHOCTs TOHOB.
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Puc.1
Cxemaruueckuil uepTex KoMmrneHcaropa nasinenus (a — BBOP-440, b — BBOP-1000):
1-maTpy0ok npixatenbHoro Tpyoonposona; 2-TOH K/I; 3-kopmyc; 4-cuctema Brpbicka T/H;
5-narpy6ok UITY KJI;

B [1] Teopernuecku paccMOTpeHa YCTOHYHMBOCTD KHIKOCTH B BEPTUKAJIBHON IIMJIUHAPHUYECKOM
TpyOe KpyroBOro CEYeHHs NpW 33JaHHOM BEPTUKAJIHHOM TpaJUCHTE TEMIEpaTypbl Ui JBYX
IpeJeNbHbIX CIy4aeB I'PAaHUYHBIX YCIOBHM: a) UIEAIbHO TEIUIONPOBOASAIINE CTCHKH, b) HaeaabHO
TEeIION30JUpytomue cTeHku. [lokazaHo, 4To cymecTByeT mpenenbHoe 3HadeHue R, uncna Panes
(Rayleigh), onpenenstoriee nopor ycTOMYMBOCTH KUAKOCTH:

AR"
g = SPAR (1)
xv
rae
2=9.807 m/c - yckopeHue cBOOOTHOTO TaJCHUS,

p= _1(8,0] = l(an — TeMIepaTypHbId KodQuueHT oobemuoro pactumpenus (1/K) ,
p\oT ), V\oT ),
dT . 0

A = ———— BepTuKaibHbIN rpaguent Temneparypsl (CC /M, K/m),

dz
R — BHYTpeHHUI1 paauyc cocyaa (M),

X = %C — TeMIEePaTyPOTPOBOHOCTb (M7/C), K — TETLTONPOBOIHOCTS,
»

0 — TIOTHOCTH KUJKOCTH (KT/ M),

C, — yaenbHas TEIUIOEMKOCTD JKUIKOCTH (Jix/(xrx"C), T/(krxK)),

V— KHHEMaTHYeCKas BA3KOCTh KIUIAKOCTH (M/C).

[TapameTpsl y u v CBsi3aHbl COOTHOIIEHUEM: Pr = y/v, rae Pr— uucno [Ipanarans.
B ciyyae "a" kputnueckoe 3Hauenue R, = 216, B ciryyae "b" R, =68.

U3 (1) onpeaenum moporoBoe 3Ha4eHUE BEPTUKAILHOTO IPAIUCHTA TEMIIEPATYPHI:
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[ToxcraBuB reoMerpuueckue pasmepbl (paauyc KJ[) m 4duciieHHbIe 3HAYEHUS MapaMeTpOB IS
Bozp! ipu +20°C (293.15K):

p=0.998x10° kr/m’,

Pr=6.75,

v=1.0037x10"*M%/c, a clIeI0BaTeIbHO,

7 =6.775x10"M%/c,

B=2.1x10" K",

3anuuiem (2) B BUJE:

A

4

R
A.= 3.302><10'5><R—c (°C/m, K/nm). (2a)

[nsa peaktopa tmma BBOP-440 R = 1.20m. Torma mnpenenbHble 3HAYEHUsS TPaJHECHTA
Temmepatypsl A, it ciydaes "a" i "b" paBHBI cooTBeTCTBEHHO 3.44x 107 K/M 1 1.083x10°K/m. B
CHJIy MaJIOCTH KO3 (UIMEHTA TEIMJIOMPOBOAHOCTA BOJABI MO OTHOIIEHUIO K CTayu, peanbHbiil KJI
omke K ciryvaro "a", ¥ mpesienbHOe 3HaUeHHE BEPTUKAIBLHOTO IPaIneHTa COCTAaBUT ~ 3.4x10° °C/m
(K/m).

Takum  oOpa3oMm, cCuibl IUIABYYECTH, BO3HHUKAIOLIUME BCIEJACTBUE  IMOJOXKUTEIBHOTO
K03 pHIMEeHTa TEMJIOBOr0 PacIIMPEHUsl BOJbI, UTPAIOT AECTAOUIM3UPYIOLIYIO POJIb, U COCTOSIHUE
MOKOSI KUJKOCTH HEYCTOMYMBO YK€ TNpU KpailHEe MallbIX OTPHUIATEIbHBIX BEPTUKAIBHBIX
rpagueHTax temmneparypsl. Kak pesynbsrat, B peanbHoM K[ ycranaBnuBaeTcs pa3BuTasi KOHBEKLINS,
oOecrieunBaromias MPaKTHUECKU BECh TEIUIONEPEHOC BHYTPH KUAKOCTH M Jajiee — K a30Ty B
BepxHei yactu KJI, a Takke onpezensionias TermiooOMeH MeXay T/H U cTeHKamu kopiyca K/I.

WNuave mpoTekaroT Mpolecchl B AKCIIEPUMEHTAIBHBIX YCTaHOBKaX, BBIIIOJIHEHHBIX B MacuiTalde
1:s mo oTHOIIEHUIO K PY-nipoTotuny. B HacTosiee BpeMs /Ui GOJIBIIMHCTBA SKCIIEPUMEHTATBHBIX
YCTaHOBOK BeJIMYMHA S JeXUT B npenenax ot 48-100 (wanp. BETHSY, PKL-III, LOFT, LSTF) no
>700-1000 (LOBI-II, SEMISCALE #u T.11.). Ilpu mMacmrabupoBanuu, s KOPPEKTHOTO OTPaKEHUS
BEJIMYMH IOTOKOB MAacChl U 3HEPTUU, Pa3HOCTb BBICOTHBIX OTMETOK OCTAaeTCsl HEM3MEHHOM, a
MacIITaOupOBaHHUIO MOJBEPraroTCs IUIOAAN FOPU3OHTANBHBIX CEYeHUH, T.e. panuyc monenu KJ|
10 OTHOILIEHUIO K PEAJIbHOMY:

R, =R/ s,

a 3HAYMT, B COOTBETCTBUH C (2a),
2
Ap=Apxs

Hanpumep, mmst s=100 momyanm A ~ 35 °C/m (K/M), 9TO 1O TOPSAKY BEIHUHHBI yiKe
COM3MEpPHMMO C HaOMIOJaeMbIMM B  OKCHEPUMEHTAaX  OTPHULATEIBbHBIMA  BEPTHKAJIbHBIMU
rpaJueHTaMM, a yamie npesblliaeT ux. VHbIMM cioBaMu, B 3KclepUMeHTe 3a cueT "3 deKToB
macmTaba" (scaling effects) ponp koHBekimu B Macco- u TemiomnepeHoce B KJ[ BecbMma
HEe3HaYUTelbHa.

B OonbmmHcTBe pacueTHbIX Mozeneil mns mporpammbl RELAPS 1o mocnenHero BpemeHH
npumensiiace Homanuzanus KJ[ (puc.2a), rne KJI mpeacraBieH kak BepTUKaibHas Tpyda co
3HAYUTENbHBIM (00bIYHO TOpsiika 10-TH) YnciIoM pacdeTHbIX 00beMOB. OUEBUIHO, YTO YKa3aHHBIE
BbIIlIE MOJIEIbHbIE OrPAaHWYEHHs] HE JAal0T BO3MOXHOCTHM YdeTa KOHBEKTHBHOIO Macco- u
TEIUIONEPEeHOCca, T.K. B KaKJAOM M3 pacueTHbIX 00BEMOB MOJIE€ CKOPOCTEH JKUAKOCTH JIOJIKHO OBITH
HEOJIHO3HAYHbIM. [IpoBeneHHbIE HA JaHHON MOJENM pacyeThl YHOMSHYTOI'O BBIIIE MEPEXOIHOTO
nporecca JaBajM pa3yMHble Ul TOHKUX TPYOOK, HO HE(QHU3WYHBIE Ui COCYIOB OOJIBLIOrO
JaMeTpa 3HAYCHHUs BEPTUKAIBHOTO TpagueHTa Temreparypsl nopsaka 50...150 K/m; mpu stom
TEII000MEH obOecreunBaics 3a CUeT KMIIEHUS KHUJIKOCTH B o0beMe, Kysla ObLI HampaBlieH MOTOK
tera (T.e. pacnoyioxkeHbl TOHBI), ¢ KOHAEHCaIMed 00pa3yroIerocs mapa B BBIIIEISKAIIUX CIOSX
HEJIOTPeTOM 10 KUIEHUs BOJbl. MIHBIMU ClIOBaMM, MOJIeNb, Oyay4n HMpUeMIIEMON AJIsi YCTaHOBOK C
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MacimTabom ~ 1:100 u meHee, HE oTpakaeT (HU3UKY MPOIIECCOB, MPOUCXOIANTUX B peasibHOM KJI.
VYuursiBasg Ty pousb, Kakyto urpaetr KJ[ B ympasnenun napamerpamu PV, BO3HMKIM COMHEHHsS B
BO3MOXXHOCTH aJIeKBAaTHOTO BBINOJIHEHUS aHanu3a 0e30MacHOCTU MO MEHBIIEH Mepe AJis BIOJIHE
ONPEICICHHON, BBIIECYNOMSIHYTOW TpYHIbl IEPEXOAHBIX IPOLECCOB. YUMUTHIBAs IOAXOM,
MPUMEHSIeMbIH TIpU onucaHuu ropusoHTtaigbHoro III, Hamu Obula paccMOTpeHa ajabTepHATUBHAsS
MOJIelb, TIpe/icTaBiIeHHas Ha puc. 2b. Kpome Toro, paccMaTpuBaiuch aHaJOTHYHbIE MOJAEIH, HO C
"3arpyOieHHBIM" pa30ueHEM 110 BBICOTE (CM. COOTBETCTBEHHO 2¢ 1 2d).
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Puc.2
[TpunsTHIC B CpaBHUTENBHBIX aHanu3ax moaenu K/
a)- ucxoxanas (old); b)- monuduupoBanHas (new);
¢)- ucxoanas ynpoiuensas (old simpl.); d)- mogudunuposannas ymnpoieHHas (new simpl.).
Haamucu B ckoOKax MpUMEHEHBI JUTSl HISHTU(PUKAIIMHA PACUETHBIX KPUBBIX Ha MPUIIAraeMbIX
rpadukax 3aBUCMMOCTH TTapaMeTPOB MOJIEIH OT BPEMEHU (CM. HUXKE).

Ucxonnas moxens KJI (Puc.2a) npeacrapnser coboi Tpu d1eMeHTa, PACTIONOKEHHBIX IPYr HAJl
JPYTOM M COCTMHECHHBIX CBS3SMHU.

Bepxunii (402) u Hkuuii (400) snementsl — Tuma BRANCH (T.e. 00beM 3agaHHOI TeomMeTpun
C TMpPHUCOCAMHEHHBIMH K HeMmy cBs3simu), cpeanuit (401) — tuma PIPE, T.e. cucrema
MOCIEA0BATEIHHO COEAMHEHHBIX JIPYT C IPYTOM pacueTHBIX 00beMOB. ['eoMeTpust KaKaoro oobema
3a/1aeTcsa ero IMOMepeuHbIM ceueHueM S, mmHou L u o0beMom V, mpuyem 3TH TPU BEITUYHHBI
BCEr/ia CBS3aHbl COOTHOIIICHHEM

SxL =V,
TaK 4TO IMOJIb30BATEIO JJOCTATOYHO 33J1aTh JIFOObIE JBE U3 HUX.
[TapameTpsl 211eMeHTOB MpuBeaeHBI B Tabmuie 1.



Tabmuma 1

Ne Ceuenue S, Jmmna L, O6beMm V, Bricora Bricora [Ipumeua-
sIeMEHTa M’ M M BEepPXHEH IIEHTPA, HUE
TPaHUIIBI OT M
JHUIIA, M
400-01 3.625 0.71 SxL=2.574 0.71 0.355
401-01 4.50 1.34 SxL 2.05 1.38 3o0Ha
HarpeBaTe-
nei
401-02 4.50 0.85 SxL 2.90 2.475
401-03 4.50 0.85 SxL 3.75 3.325
401-04 4.50 0.50 SxL 4.25 4.00
401-05 4.50 0.50 SxL 4.75 4.50
401-06 4.50 0.50 SxL 5.25 5.00
401-07 4.50 0.50 SxL 5.75 5.50
401-08 4.50 0.50 SxL 6.25 6.00
401-09 4.50 0.50 SxL 6.75 6.50
401-10 4.50 0.50 SxL 7.25 7.00
401-11 4.50 1.125 SxL 8.375 7.8125
401-12 4.50 1.125 SxL 9.50 8.9375
402-01 3.625 0.71 SxL 10.21 9.855

[Tpu nocTpoeHnn MOAUPUIIMPOBAHHON MOJENN BEPTUKAIBHBIN IIMIIMHApUYEcKUN ydacTok (401)
ObUT 3aMeHeH Ha 2 mapajieNbHbIX KaHana (ssemeHThl Tuna PIPE), koTopble ycIOBHO MOXKHO
Ha3BaTh nogbeMHbIM ("'riser", 401) u omyckubiM ("downcomer", 403). Kak u panee, KaxkIblii U3 HUX
coeHeH cHHU3y ¢ 31aeMeHToM 400 (palloH HMXKHEro JJIMITUYECKOrO JHHMINA), a CBEpPXy — C
anemMenToM 402 (BepxHee smumntuyeckoe nHuile). Kpome Ttoro, cooTBeTcTByIOLIHME OOBEMBI
NapauIeJIbHBIX KAaHAJOB COEAMHEHBI MONEPEUYHBIMU TOPU30HTAIBHBIMU CBA3SIMHU. OIpenencHHbIN
IIPOM3BOJI CYIIECTBOBAlI B BBHIOOpE OTHOIIEHHSA cedeHHil U 00beMoB snemeHToB 401 u 403.
[Tockonbky B obnactu oTHOIIEHUH 00beMoB oT 1:1 mo 5:1 mpenBapuTeNbHBIMHM pacueTamu ObLIO
00HapyXeHO BeCbMa HECYIIECTBEHHOE pacXOXkJIECHHUE MOJy4yaeMbIX pe3ysibTaToB (T.H. "HU3Kas
YyBCTBUTENBHOCTB'"), AJISI ONPEJENCHHOCTH OBUIO NMPHUHATO OTHoueHue ceyenuid 3:1, t.e. 75%
o6bema npuxoausiock Ha aneMenT 401 ("riser") u 25% - na snement 403 ("downcomer").

bbutr BBIOJIHEHBI CPAaBHUTENBHBIE PACYETHI TOBEICHHS KaK OT/IEJIBHO CTapOil 1 HOBOW MOJEINIEH
KJI (tak Ha3. cemaparHblil TecT), Tak U PY B 1eioM (MHTErpanbHBIA TeCT), MOATBEPIUBIINE HE
TOJBKO KOJWYECTBEHHBIE, HO B PSAE CIy4aeB M KAYECTBEHHBIE OTJIMYMS ITOJTYyYaE€MbIX BBIBOJIOB.
Jlanee mpuBeACHBI ClieHApUM Hauboliee XapaKTEPHBIX MPOILIECCOB, A KOTOPHIX MPOBOIUIIOCH
CpaBHEHHUE.



1. Cenapatnblii Tect. CocTosinue ''xo/101HbIH ocTaHoB' . Cuenapuii ¢ Bkiaroyennem TIOHos.
CucremMa BO Bcex clIydasax HOpUBOAUTCA B HAYAJIbHOC KBA3UCTAIIUOHAPHOC COCTOAHUC B
cooTBeTcTBUU ¢ Tabnuuei 1.1.

Tabmuna 1.1
[TapameTtp 3HaueHHne [Ipumeuanue
Temneparypa Boasl B KJI, K 348
Yposens Bogbl B K/, M 8.04
JaBnenue azotHoi noaymku, Mlla 1.68
Temnepatypa azora, K 350
JlaBnenue otkportusi/3akpeitus 1-ro UITY KJI, MIla 4.8/3.0 MOJIEJIb
JlaBnenue otkpeiTusi/3akpeitus 2-ro UITY KJI, MIla 4.9/3.1 MOJIETb
Cymmapnas momHocth TOHoB K/ (5 rpynmn), MBt 1.62
TonHblii 066eM GapboTepa, M° 15.0
O6beM BOJIBI B 6apboTepe, M 11.0
TemmnepaTypa Bozsl B 6ap6otepe, K 323
JaBnenue B 6apbotepe, Mlla 0.0124 HACBIIICHHBIN
BOJITHOM map
JlaBnenue pa3peiBa MeMOpanbl 6ap6otepa, MIla 1.42
Temnepatypa Bo3nyxa BHe K] (B repmoo6beme), K 303

3arem Biirouatorcss TOHBI cymmapHoil momHocThio 1.62 MBT. Ilo Mepe HarpeBa BOAbI, a
3aTeEM U a30Ta, MPOUCXOAMUT POCT JaBJICHUS razoBoil moaymku B KJI 1 ofHOBpEMEHHO HEKOTOPOE
yYMEHBIIIEHHE €€ 00beMa, CBjI3aHHOE C TEIUIOBBIM paciiupeHueM Bojabl. [lpu noctuxeHun
JaBieHueM ycTtaBku oTKpbiTus UITY mpoucxonsar ero mepuoanyeckue cpadaTbiBaHus cO cOpOCOM
napora3oBoil cMecu B OapOoTakHbli Oak. A3oTHas monymka B K/ mocremenHo 3amemaercs
MapoBOi, a Macca U ypOBEHb HAXOJAIIETOCS B HEM TEIJIOHOCUTENS (BOJIbI) YMEHBIAIOTCA. B crty
3HAYUTENIBHOIO PEAJIbHOIO BPEMEHU IIPOLIECCa, PacdeT BBIIOJIHEH HE 10 NPAKTHUYECKHU IOJIHOIO
BBIKUIIAHUS BOJBI (UTO cOOTBETCTBOBANO Obl orosienuto TOHoB peansroro KJI ¢ ux paspyienuem),
a JUIIb JI0 CYIIECTBEHHOTO CHMXXEHHs ee Macchl, Haxopsueics B oobeme KJI. Ilpaktuuecku
PacCMOTPEHHBIN BPEMEHHOM MHTEPBAJI COCTABUJI OKOJIO 8§ 4acOB PEaJIbHOIO BPEMEHH, U SIBISETCS
JIOCTaTOYHBIM JJIs TIOHUMaHUs BCEX CTaJUil MOJAEIUPYEMOIO Ipolecca B KaKIOM M3 BapUAHTOB.
Bpemennble 3aBucuMocTy Hanbosiee CyleCTBEHHbIX apaMeTpoB MOJeNU npuBeaeHsl Ha Puc. 1.1-
1.9.

[Ipexxne Bcero cieayeT OTMETUTh KAUeCTBEHHOE Pa3jIMuMe B pacIpe/ieNieHU TeMIIepaTypbl BOJbI MO
Boicore KJI. B ucxomHoll Mojenu JKMIKOCTh B CMEKHBIX pacueTHbIX O0beMax MporpeBaercs
TIOCJIEIOBATENbHO, TEINIOOOMEH O0ECHeYMBAET 3a CUET KUIEHUs JKHIKOCTU B HIDKENEXKAIlleM o0beMe,
HEepBOHAYAILHO - I7ie pacnonoxeHsl TOHBI, ¢ KOHIeHcalmeld o0pa3yrolierocs mnapa B BbILIENISKAIINX
CIIOSIX BOJBI, CYIIECTBEHHO HEIOIPEeTOM N0 KHUIeHus. Takum oOpa3oMm, 30Ha KUIIEHUS PaclipOCTPaHsAETCsI
CHM3Y BBEpX. B TO k€ Bpemsi HOBas MOJENb IOKA3bIBAET YCTAHOBJICHUE DPA3BUTOIO KOHBEKTHBHOIO
NEPEMENIMBAHNS KUAKOCTH, C BEPTUKAIBHBIM TIpaJueHToM Temmeparypsl ~ 1 K/m, Torma kak
PacCUMTaHHBIA MO CTAapOi MOJIENM BEPTUKAIBHBIA I'PAJUEHT TeMIeparypbl B xKuaKocTHOM oObeme K/,
0COOEHHO B BEpPXHEHW ero 4actu, focruraer 3HadeHus ~150 K/m. OueBHIHO, 4TO NpU CHIDKEHUM IIara
JIMCKPETH3AllMK MBI MOJIy4HM HEYTO BpOJIE CPaBHHUTEIBHO TOHKOTO ABMKYyIIErocs "(poHTa kureHus"
IUIOCKOM (pOPMBI, OTIENSIOIIETO MAapOBOITHYIO CMECh MOl HUM OT HEAOTPETOM /10 KMIIEHUS KUIKOCTH HaJl
HuMm. [locnemnss npeacrapiser coOOM HEUTO Bpoze "MopiiHs", CKUMArOIIEro "a3o0THyro noaymky'. [lpu
nepsoM ke cpabarbBanun UITY KJ[ xwuakocTs moj "mopirHeMm" HHTEHCHMBHO BCKMIIA€T, a 4acTb
HEZIOTPETOro TeruIoHocHuTeNst BbiOpackiBaercst u3 KJI ¢ azorom. MHTerpansHas BeMIrMHa BHIOPOILICHHON
maccel npu nepBoM cpabartbBanuu UITY coctaBnsier okono 3500kr, mpotuB ~ 100kr a3ora corsiacHo
MomuduImpoBaHnHoi Mozemi. [IprMenuTensHO K peanbHOi PY, 310 03HauaeT ropasmo Oosee KecTKue
pacyeTHble yci0BUSL pabOThl MOABWXKHBIX 3neMeHToB MITY, a Taike NpoyHOCTHBIE TpeOOBaHHSA K
apocOpOCHOMY TPYOOIIPOBO/TY, HEKEIH PEATTbHO HEOOXOIMEIE.



B TO xe Bpems HOBasi MOJeNb MOKa3bIBacT OoJjiee panHee BpeMs OTKpbITHsA MITY, mocKonbKy,
MocJie JOCTH)KCHUS TEIUIOHOCHTENIEM TEMIIepaTyphl HACHIIMICHUS, JaBIIEHHE B TMapOBOM OObeMe
pacTeT He TOJBKO 3a CUET CXKATUs a30Ta, HO U €ro HEMOCPEICTBEHHOIO HarpeBa MmapoM, a TaKkKe
pocTa IJIOTHOCTH U MapLUUATILHOTO JABJIEHUS CaMOro Iapa.

[TonbiTka cHU3UTH 3(PdeKT OTCYTCTBHS KOHBEKIMU B 'crapoil" monmenu 3a cuer "rpyOoit"
BePTHKAIBHOW HOJAIM3alMK (4TO B COOTBETCTBHH C MPUOIMIKEHUEM COCPEAOTOUCHHBIX
napametpoB B RELAP5/Mod3.2 aBroMaruueckw mpeanosiaraeT MPaKTUYECKH  IOJTHOE
MePEeMEITNBAHUE KUAKOCTH B PACUCTHBIX 00hEMax) HECKOIBKO yIydIlaeT MpeackazaHue CKOPOCTH
pocTa jaBieHus U BpeMeHu oT BkitoueHuss TOHoB 1o mepBoro cpabateiBanus UITY, 3a cuet 6omee
KOPPEKTHOTO BBIYHCIICHUS TEMIEPAaTyphl T/H BOJM3U CBOOOJHOW MOBEPXHOCTH; B TO K€ BpeMs
pe3yNIbTaThl pacueTa 3aKIIYUTENbHOW (a3el mporecca (BBIKMIAHUE TETUIOHOCUTENS) B YacTH
BPEMEHHBIX XapakTepucTuk pabotsl UITY oka3piBaeTCs MOMTHOCTHIO HCKAKEHHOM.

B 3akmroueHume cregyer OTMETHUTh, 4YTO MoAauduIpoBaHHas "ympoimeHHas" MoJenb ¢
3arpyoneHHsiM pazouenuem KJ[ mo BepTukanu, coxpaHss KadyeCTBEHHYIO aJeKBAaTHOCTH (PHU3UKE
MIPOIIECCOB, B KOJMYECTBEHHOM aCIEKTe (BPEMEHHBIC XapaKTEPUCTUKHN) 3aHUMAET TIPOMEKYTOIHOE
MOJIOKEHWE MEXKJIy HOBOW W CTapoi '"NMeTalbHBIMH' MOJEISIMH, OCTaBasCh BCE XKe OMbKe K
MOAU(PHUIIUPOBAHHOMY BapUAHTY.

Cpasrenue mopeneidr KA BBOP-440 Cpasnenne mopeneir KA BBOP-440
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2. UuTerpanbubiii Tect. PaboTa Ha MomHocTH. CieHapuii ¢ KpaTKOBPEeMEHHbIM YaCTHYHBIM

cOpocoM HATpy3KH TYpOHHBI.

Jlns mpoBeneHus: pacyeTOB W BBIMOJIHEHUS] CPAaBHUTENBHOIO aHalln3a ObLT BBIOpaH MepexoaHOn
pexxum Ha PY BBOP-440, BbI3BaHHBIH YacTUYHBIM KpPAaTKOBPEMEHHBIM COpPOCOM MOIIHOCTH
TypOorenepaTopa. YacTUYHBIM KPAaTKOBPEMEHHBIM COPOC MOIIHOCTH TYPOMHBI MOXKET MPOU30UTH
BCJIEJICTBHE BHE3AITHOT'O OTKJIFOUYEHHUS OJJHOTO MJIM HECKOJIBKMX MOLIHBIX TOTpeOuTENeil.

[Ipu pacuere ObLITM IPUHATHI HAYAJIBHBIC U TPAHUYHBIC YCIIOBUS, TpUBeaeHHbIe B Tabmure 2.1.

Tabnuna 2.1

ITapamerp 3HaueHue
TeruoBast MoIHOCTB peakTopa, MBT 1402 (102%)
Temneparypa TEIIOHOCUTEIS:
e Ha BxoJe B peakrop, °C (K) 269 (542)
e Ha BBIXOJC M3 peakTopa npu mectu padoraronux ['1[H, °C (K) 297 (570)
JlaBieHue B mepBOM KOHTYPE, kre/em” (MITa) 126,5 (12,4)
JlaBiieHre BO BTOPOM KOHTYpe, krc/cm2 (Mlla) 46,5 (4,56)
Pacxo/1 TEIIOHOCUTEIS 4epe3 PeaKTop, M /4 39200
VYposens B K/, M 6,26
JlaBeHue mapa nepes TypOHHOIMA, kre/cm” (MITa) 43,5 (4,26)
OO6muit pacxon napa Ha TYpOUHBI, KI/C 764

[lepeyeHb TEXHOJOTMYECKMX CHTHAJIOB M 3AIIUTHBIX JEHCTBUH cucTeM O€30MacHOCTH,
3aJIeiCTBOBAaHHBIX B aBapUWHOM MPOIECCE, BbI3BAHHOM YaCTHUHBIM KPAaTKOBPEMEHHBIM COpOCOM

Harpy3ku TypOuHBI, IpUBE/EH B Tabuuue 2.2.

Tabnura 2.2

HanmMeHnoBaH#e TEXHOJIOTHYECKOTO TTapameTpa

3anmTHoe AeiiCTBAE

1 biioxuposku o TOH KJ|

1.1 JlaBnenne B mepBom kouType 118 kre/em’(11,6 MITa) i menee | Bxmouenne V rpynmer TOH
1.2 JlaBneHue B IepBOM KOHTYpE:
e 121 krc/em’(11,9 MITa) u Gonee Otxmouenue V rpymmsl TOH
o wmenee 121 kre/em(11,9 MITa) Bxmouenue [V rpynmst TOH

1.3 JlaBneHue B IepBOM KOHTYpE:
o 122 xrc/em*(12,0 MITa) u Gonee
o wmenee 122 kre/em(12,0 MITa)

Otxmouenue IV rpynnet TOH
Bxmrouenue III rpynnsr TOH

1.4 JlaBineHue B IEPBOM KOHTYpE:
e 123 krc/em*(12,1 MITa) u Gonee
e wmenee 123 kre/em’(12,1 MITa)

Otxmrouenue 111 rpynner TOH
Bxrouenue I rpynnet TOH

1.5 /laBiieHue B mepBOM KOHTYpE:
e 124 xrc/em(12,2Mlla) u Goree

Otxmrouenue II rpynnsr TOH

o menee 124 krc/cm*(12,2MI1a) Bxutouenwne I rpynner TOH
1.6 JlaBnenue B nepBoM KoHType 128 kre/em’(12,6 MIIa) u Gonee | Orkmouenue I rpymmsr TOH
1.7 Yposens B K] 2,36 M (0T 1HMIIIA) U MEHEE OrkiroueHne  BceX  Ipymil
TOH

2 bnokupoBKy 1o KianaHam Brpbicka B KJ{
2.1 JlaBmenne B mepsom KoHType 127,5 krc/em® (12,5 MIla) u
MEHee

3aKkpbIBaeTCsl MEPBBINA KilanaH
BIIPBICKA
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HanMeHOoBaHME TEXHOIOTMYECKOT0 TapaMeTpa 3aluTHOE NEHCTBUE

2.2 JlaBneHue B IEPBOM KOHTYpE:

e 128,6 krc/em’ (12,6 MIla) u Gonee OTkpbiBaeTest NepBbIA Kianan
BIIPbICKA
o menee 128,6 kre/em” (12,6 MITa) 3aKpbIBAa€TCSl BTOPOM KJlanaH
BIIPbICKA
2.3 JlaBieHue B IEPBOM KOHTYDE:
e 1296 krc/em” (12,7 MIla) u 6onee OTKpbIBaeTCs BTOPOM KiamaH
5 BIIPbICKA
* Menee 129,6 kre/em (12,7 Mlla) 3aKkpbIBaeTCSl TPETHM KilanaH
BITPBICKA

2.4 ]JlaBieHue B IEPBOM KOHTYpPE:
e 1306 krc/em” (12,8 MIla) u Gonee OTkpbIBaeTCS TPETUH KIanaH

) Bripeicka YP10S06

e wmenee 130,6 xrc/em” (12,8 Mlla) akpeBaeres  4-if  Kiamam
Bripeicka YP10S05

2.5 [laBnenue B mepBoM KoHType 132,6 krc/em” (13,0 MIIa) u OtkpbiBaeTcs 4-  Kiama”
6oJee Brpbicka YP10S05

HcxonHoe coObITHE NPUBOIUT K YMEHBIIEHHMIO pacxoja Iapa Ha TypOUHY. 3aBHCHMOCTh
pacxoja rnapa Ha TypOMHY OT BpeMEHH Ipe/icTaBleHa Ha pucyHke 2.1.

JebGananc Mexay pacxoloM Tmapa, TMOTpeOisieMbIM TypOMHaMHM, M PAacXoIoM Tapa,
reHEepUpYEMbIM B MApOr€HEpaTOpax, BHI3BIBAET POCT JaBJICHUS BO BTOPOM KOHTYype (pUCYHOK 2.3).
[Ipennonaranocs, uto BPY-K He oTkpbiBatoTcs (Hampumep, BCIEACTBHE YXYIIIEHHOIO Bakyyma B
KOHJIeHcaTopax TypOuH), u poct naeneHuss B ['TIK mocnme moctmxenust napneHust 5.35Mlla
orpanuuuBaercs padbotoir BPY-A. APM BoccranaBiuBaer OanaHCc MEXAY TEIMJIOBOM MOIIHOCTBIO,
BblpabaThiBaeMOl B AaKTHUBHOM 30HE, M MOIIHOCTbIO, OTBOJMMOW IO BTOPOMY KOHTYpY K
TypOoreHepaTopam, a Takke KOMIIEHCHUpPYeT 3((eKTbl peakTUBHOCTH. B pesynbrare MOLIHOCTH
peakTopa B Hayaje IEPEXOJHOI0 IIPOLlEcCa YMEHBILIAETCS, a 3aTe€M, BOCJIE BOCCTAHOBJICHHUS
Harpy3ku TI', Bo3pacraer u ¢ 600 cexyHnpl HaunHaeT crabunuzupoBaThes. bPY-A 3akpbiBatorcs
nocne cHwkeHusa nasieHus B ['TIK menee 4.75Mlla. Ilapamerpsl mepBoro KOHTypa B Hayale
MEPEXO/IHOTO MpOIecca PacTyT 3a CYET CHUKEHMs TEIJIO0TBOJA (YMEHBILEHHUS pacxoja rapa u3
I[1I'). JaBneHue B nepBoM KOHTYpe (puc. 2.6) pe3ko Bo3pacTaeT u npu aoctwxkenuu 12,6 MIla nmo
O5oxkupoBKe cpabarbiBaeT mnepBbiii kianaH Brapbeicka B K/ YP10S08, a 3atem mpu mocTwkeHUn
nasienus 12,7 Mlla - Bropoit YP10S07, 94To npuBOIUT K NAJACHUIO JABJIEHUSA B IIEPBOM KOHTYpE
Huke 12.0 MIla. Ilo axty nanenus nasienust Huxe 12,2 MIla Bkitouaercs I-1, 3arem Il-g u IlI-5
rpynnsl TOH, B pesynpraTe naBineHue nocreneHHo mnosbimaercs, TOHbI ortkmrowarorcs. Ilo
JOCTHKEHUH JaBieHust 3HaueHus 12,6 Mlla otkmiouaercs | rpynna TOH u onsth cpaGaTsiBatoT
KJIallaHbl BIIPBICKA, KOTOPBIE 3aKPBIBAIOTCS MPU JOCTHKEHUM JNaBieHus 3HadeHus 12,5 Mlla. Kak
BUJHO Ha mpumepe 3aBucuMocTH nasieHus B KJI ot Bpemenu (puc. 2.4), npu UCHOJIb30BaHUU
TPaJUIMOHHON M MOAM(DULIMPOBAHHONW MOJENEed HMMEeTCs CYIIECTBEHHAas pa3HMIa BPEMEHHBIX
XapaKkTepucTuk mporecca. To ke oTHocutTcs K 3Bomtonuu ypoBHs T/H B KJI. BoccranoBnenue
JaHHBIX TapaMeTpoB PY mpu Hcnonb3oBaHUM TPaAMLMOHHOM MOJAENN NPOXOAUT 3HAUYUTEIBHO
ObICTpee, a cieloBaTeNIbHO, KapTHHA PEajJbHOrO MPOTEKAHMSI NMEPEXOAHOI0 Mpolecca UCKaKaeTcsl.
[TprunHa 31€Ch 3aKioueHa B TOM, YTO B MPOLECC TEINIOOOMEHa BOBJIEYE€HA Macca T/H, KOTopas B
"crapoii" Mozenu 3akirovYeHa u nokoutcs B oobeme nox TOHamu (anement 400), a Taxke B Oosiee
MHTEHCUBHOM TEIUI000MEHEe co cTeHKaMu Kopiyca K/I, uTo B cymme nposiBisieTcs Kak yBelIUYeHHe

=n

"3¢(heKTHBHON" TETIJIOEMKOCTH CUCTEMEI.
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Convective Transversal Heat Transfer (PRZ, Liquid Subvolume)
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BriBoabl.

Heo6xoaumo mpu3HaTh, 4TO JJIs1 KOPPEKTHOTO OMKCAHUS MOBeAeHUs peanbHoil PY kmacca PWR
(BBDOP) npeanouTUTENbHBIM SIBISIETCS UCIIOJIb30BAHUE MPENIOKEHHOH 3/1eCh MOIU(BUITUPOBAHHOMN
MOJIEH BCIOAY, IJIe MOXHO 0>KHMJIaTh BOSHUKHOBEHHUS MHBEPCHOM I10 TeMIlepaType cTpaTuQuKaluu
onHo(a3HOM cpenpl (a TakKe HEWHBEPCHOM, HO C OOJNBLUIMM BEPTUKAIBHBIM T'PAJAUEHTOM
TeMriepatypbl) B ''cienbix", WM "TYNMUKOBBIX'", 3HAYMTEIBHBIX IO BEIUYMHE M IOMEPECUHOMY
CEUEHHIO 00beMax, C MOCIEAYIOIUM CPABHEHUEM ITOJIyYCHHBIX PE3YJIbTaTOB.

Taxxke cnegyeT OTMETUTb, 4YTO B CBSI3M C IIOPOrOBBIM XapakKT€pOM KOHBEKTUBHOM
HeycToiiunBoctn peanbHblid KJ[ ¥ ero MacmraOupoBaHHBIE MOJIENIM MOTYT OOHapYXHMBaTh
CYLIECTBEHHO pasnnyHoe noseaeHue. lloaTtoMy naHHble Bammpanuu npocTelx 1D pacueTHbIX
Mojelied MO pe3yiabTaTaM »JKCIIEPUMEHTOB, BbINOJHEHHbIX Ha [TF co 3HauuTenbHBIM
koap¢uurenTom Macmraba (s ~ 50 u Oosee), cienyeT MNpUHUMATh C HW3BECTHOM Jloyiei
OCTOpPOKHOCTH, OCOOCHHO €CIIM HMMEIOTCS yKa3aHHs Ha BO3MOXKHOCTh JIOCTHXKEHMS YCIIOBHH,
ONMU3KUX K MOpOTy HEYCTOWYMBOCTU. B mocneaHem ciiydae MpencTaBisieTcsl pa3yMHBIM H3bICKATh
BO3MOKHOCTh  BBITIOJIHEHUSI JIOTIOJHUTEIBHBIX HJKCIEpUMEHTOB Kak MuHuMyM Ha SETF,
BBINIOJTHEHHBIX B MacTade s~1.

Hakonen, npennoxeHHasi MOJENb Bce elle sipsiercs ynpoiieHHon. Kak Bunno Ha Puc.1, TOHbI
pacroyioKeHbl TpynmaMu B niepudepuitHON dacTu Kopmyca. [1o3ToMy B OKOHUATEIBHON MOIETH
3oHy K/l BOnmu3m HarpeBateneil ciemoBano Obl MoauduUupoBaTh, pa3dMB MO KpaiiHell mepe Ha
cienytromue pacuetHbie 00bembl (PO):

POL1: rpeemas 30Ha, TeriooOMeH ¢ OOKOBO CTEHKOH, cBsizaHa cHU3Y ¢ o0beMoM 400, cBepxy ¢
PO4, ropuzonTansHas cBs3b ¢ PO2;

PO2: neoborpeBaemas yacth, TeriooOMeH ¢ OokoBoit ctenkoit (403(01)Hacrosimeir Momenu,
munyc PO1); cBs3u — cHuzy ¢ oosemom 400, ceepxy ¢ POS, ropusonTtansHas cBsi3b ¢ PO1;

PO3: uentpanbHas uvacth KJ[ Ha ypoBHe TDOHoB: HeoOorpeBaemasi, 6e3 TermiooOMeHa co
crenkamu K/, cBsizana cuusy c¢ 400, ceepxy — ¢ 401(02). Ilo cytu - anement 401(01) nacrosiueit
MoJienu 6e3 TEIUIOBBIX CTPYKTYP U MONEPEUHBIX CBsI3EH.

PO4, POS: yuactku oovema 403(02) HacTosieid MOIEIH, PACTIONOKEHHBIE COOTBETCTBEHHO Ha/T
PO1 u PO2, ¢ ropu3oHTaJIbHBIMHU CBSI3SIMH MEXAY HUMH (IIOAOOHO TOMY, KaK MOJAETUpPYETCS
OTYCKHOM y4acTokK, uiu "downcomer", kopmyca peakropa), a Takxke ¢ 401(02).

Takum oOpa3oM, npu paboTe Ha MOLTHOCTH (HOCTOSIHHBIA BIPBICK M BKJIIOYEHA OJHA TPyIIa
TOHoB) B POl umeem Bocxopsmiee, a B PO2,3 — Hucxozsmiee Te4eHUEe T/H. DTO MO3BOJIUIIO OBI
0oJiee TOYHO yuecTh pacrpeaeseHue (CTPYKTypy) KOHBEKIIMOHHBIX ToToKoB B K/I. OnHako nanHas
MoJieb TPeOyeT AOMOJHUTENbHBIX ONBITHBIX JAHHBIX JIJIsl HACTPOMKHU U MOTOMY €€ OTJIaJIKa €Ille He
3aBepLICHA.

JIureparypa
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Summary
The Possibility of 3D-effects Prediction with 1D Thermohydraulic Codes and Its Significance in
Frame of PWR Type Reactors Deterministic Safety Analysis Performance (Applying to WWER In-
Pressurizer Convective Mass and Heat Transfer Modelling with RELAPS Mod3.2 Code).

The theoretical background given to define the transients with the convective coolant instability
in PRZ due to inverse thermal stratification of the subcooled liquid. The instability threshold given
for both real PRZ geometry and scaled ITF, with the comparison against the practically anticipated
thermal gradients. The "best estimated models" validation consequences discussed. The quasi-3D
pressurizer model proposed and the "separate test" comparison performed for both "old" and "new"
models. The power operation selected cases also analysed to find out the possible grade of the 3D-
effect influence on the best estimate plant behaviour prediction.

AHHOTAIUA
BosmoxHocTh mpenckazanus 3-MepHbIX dP(GEKTOB B paMKax |-MEpHBIX KOJOB M UX 3HAYUMOCTH
MIPU  BBITIOJTHCHUH JETEPMUHUCTUUYECKUX AHAIM30B 0Oe30macHOCTH peakTtopoB THna PWR (Ha
MpUMeEpe OLIEHKU KOHBEKTHUBHBIX Macco- U TemtonepeHoca BHyTpu KJI BBOP npu nmomomu xoxa
RELAPS Mod3.2)

[IpuBeneHbl TEOpEeTUUECKHE OLEHKU JJIsl BBISBICHHUS IEPEXOAHBIX IMPOLIECCOB, B KOTOPBIX
BO3MO)KHO BO3HHMKHOBEHHME KOHBEKTHMBHON HeycToWunmBocth B K]l BciencTtBue WHBEpPCHOM
TEMIIEPATypHOU CTpaTU(UKALUKU HEJOTPETOro TeruioHocuTens. [lpuBeneHbl TeopeTHYecKHe
YUCJIEHHbIE 3HAUEHUs IOpOora HEYCTOMYMBOCTH Kak AJs peanpHoM reomerpuun KJI, Tak m mns
BBIMIOJTHEHHBIX B MaciiTabe HHTerpaibHbiX TecToBbIX yctaHoBoK (ITF), a Takxke peanbHo
0’KHMJAeMbl€ 3HAYEHUS TPaJIM€HTa TEMIIEPATYpPhl. 3aTPOHYT BOIIPOC BAIMALUN PACUETHBIX MOJENIEH
"yayumieHHo  ouenku". Ilpeanmoskena kBasu-tpexmepHas wmonenb KJ[  u mpoBemeHbl
CPAaBHUTEJIbHBIE TECTOBBIE BHIYUCIEHUS € TIOMOIIBIO "cTapoil" u "HOBOM" Mozeneil. B 3akmoueHne
IIPUBENIECHBI PE3YJIbTaThl PACUETOB OTJENIbHBIX MEPEXOAHBIX MPOIECCOB MPHU padoTe HAa MOLIHOCTU
JUI OLEHKM BO3MOXKHBIX BIUSHHUM 3-MepHBIX 3()()EKTOB BBIINICYKAa3aHHOTO THIA Ha IOBEJCHUE
CUCTEMBI B 1I€JIOM C TOUKH 3peHHU "YyIydlIEeHHON OLIEHKH" 3BOJIIOLIMU IapameTpoB PY.
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